The aim of this experiment was to determine the efficacy of different inclusion levels of new type phytase (ECP) synthesized by Escherichia coli and expressed in Pichia pastoris yeast (Optiphos) in maize-soyabean meal based diets on egg quality and the laying performance of laying hens aged from 20 to 44 weeks. Two hundred and twenty Lohmann Brown hens were randomly assigned to five treatments with 44 replicates each, and were kept individually in cages. The control diet (C) contained 2.5 g non-phytate phosphorus (NPP) and 35.5 g Ca/kg feed, and the experimental diets contained 1.3 g NPP and 33.0 g Ca/kg feed. The deficient diet (D) was offered without any addition of phytase, while the other treatments involved different levels of this enzyme: 125, 250 and 500 FTU/kg feed (treatments ECP 125 , ECP 250 and ECP 500 , respectively). Compared with the deficient diet, phytase supplementation significantly affected the performance of hens over the entire experimental period (number of eggs laid, egg mass and FCR), and egg quality parameters: egg yolk colour (significantly in week 24 of the laying period) and shell thickness (significantly in week 12 of the laying period).
INTRODUCTION
The main components of diets for poultry are cereal grains, legume seeds, fat-rich seeds and the by-products of plant food processing. Most of phosphorus (from 50 to 80%) is present in complexes with phytic acid (Ravindran et al., 1995; Oloffs et al., 2000a; Singh, 2008) . This phosphorus is available to laying hens or other birds only if the enzyme phytase is present in their digestive tract. Laying hens produce very small amounts of phytase, and phytase production by microorganisms in the gastrointestinal tract is also limited (Maenz and Classen, 1998; Marounek et al., 2008) . Only the grains of selected cereals (barley, wheat, triticale, rye) contain phytase whose activity is partly sufficient to hydrolyse phytin (Eeckhout and De Pappe, 1994; Oloffs et al., 2000b) . Seed plants, including maize, show minimal activity levels of phytase (Selle and Ravindran, 2007) . Total phosphorus contained in wheat is available to laying hens in nearly 50%, whereas the respective value for maize is as low as 20% (Oloffs et al., 2000a) . Due to the breeding of early-maturing and high-yielding varieties, the area under maize cultivation has increased recently also in countries (including Poland) and regions where it had been produced on a very small scale before. Maize is a widely used ingredient in poultry diets. Phytate complexes present in this feed component can be reduced with the use of exogenous phytases, i.e. the new 6-phytase derived from Escherichia coli. The utilization of phosphorus contained in maize may be increased if diets are supplemented with microbial E. coli phytase (Wu et al., 2006; Augspurger et al., 2007; Liu et al., 2007; Hughes et al., 2008) . In Poland, the effect of Escherichia coli phytase (ECP) supplementation on performance parameters has been studied in broilers and young turkeys (Kozłowski et al., 2009 (Kozłowski et al., , 2010a , but not in laying hens. The level of phytase supplementation of phosphorusdeficient diets can be two-fold lower in laying hens than in broilers. The results of numerous experiments show that a maize-soyabean meal diet containing no added phosphorus and 300 FTU/kg phytase can be fed for as long as 40-50 weeks with no deleterious effects on egg production performance (Van der Klis et al., 1997; Boling et al., 2000; Hughes et al., 2008) .
The aim of the present experiment was to determine the effect of different inclusion levels of ECP in maize-soyabean meal diets. Such diets contain approximately 50% of the recommended non-phytate phosphorus level (Smulikowska and Rutkowski, 2005) . Phytase efficacy was estimated based on the performance of laying hens and egg quality parameters.
MATERIAL AND METHODS

Animals and dietary treatments
The experimental materials comprised a total of 220 Lohmann Brown hens from a commercial pullet grower house, aged 18 weeks, grown in accordance with the breeder's recommendations (LTZ, 2010) . The hens were randomly divided into five treatments (44 replicates in each, 1 hen = 1 replicate) and were kept in individual cages (30 x 60 cm) during the first 24 weeks of the laying period (from 20 to 44 weeks of age). The replicates were equally distributed among three cage levels to minimize the cage level effect. The birds were housed in an environmentally controlled house with a day length of 15 h light: 9 h dark. All experimental procedures involving animals were approved by the local Animal Experimentation Ethics Committee (decision no. 12/2007) at the University of Warmia and Mazury in Olsztyn.
The diets, offered ad libitum in meal form, were formulated so as to meet the nutrient and energy requirements of laying hens (Smulikowska and Rutkowski, 2005) . Diet composition is presented in Table 1 . Two maize-soyabean meal based diets were produced as follows: a control diet (C) followed by a deficient diet (D) divided into four identical parts. The diet for the control (C) group had an identical nutritional value as diets for the remaining treatments, except for the concentrations of calcium and phosphorus (Ca -35.5 g/kg, NPP -2.5 g/kg). The deficient (D -negative control) group received a diet with a lower content of calcium and phosphorus (Ca -33.0 g/kg, NPP -1.3 g/kg). Diets in treatments ECP 125 , ECP 250 and ECP 500 had the same composition as the D diet, but were supplemented with different concentrations of Escherichia coli-derived 6-phytase expressed in Pichia pastoris (Optiphos, HUVEPHARMA NV, Belgium). Phytase was supplemented as a 1% premix. Escherichia coli phytase was added to diets in treatments ECP 125 , ECP 250 and ECP 500 in the following amount: 125, 250 and 500 FTU/kg of diet, respectively. Feed samples were analysed by the following methods: samples were mineralized in a mixture of nitric acid and perchloric acid (3:1) (Merck, Germany). Mineralization was carried out in an aluminum heating block with temperature control (VELP DK 20, VELP Scientifica, Italy). Reference samples were prepared together with test samples. The Ca content of mineralizates was determined by flame atomic absorption spectrometry (acetylene-air flame), with the use of a Unicam 939 atomic absorption spectrometer (Solar, UK), equipped with an Optimus data station, a background correction source (deuterium lamp) and cathode lamps (Whiteside and Milner, 1984) . In order to determine Ca 4 NPP -non-phytate phosphorus content, a 10% aqueous solution of lanthanum chloride was added to all experimental solutions, in the amount ensuring the final La +3 concentration of 1%. Phosphorus concentration was determined in mineralizates by colorimetry with ammonium molybdate and with sodium sulphate and hydroquinone. Absorbance was measured using a VIS 6000 spectrophotometer (KRÜSS-OPTRONIC, Germany), at a wavelength of λ = 610 nm (Fiske and Subbarow, 1925) . Ca and P content was determined using standards at a concentration of 1 mg/cm 3 , diluted with a 0.1 M solution of HNO 3 (BDH, Germany). Phytase activity in all experimental diets was analysed in triplicate according to Han et al. (1999) . The trial began after the confirmation that the actual concentrations of the experimental diets were in compliance with the target levels for each treatment group.
Production parameters and egg quality
The body weight of all layers was measured two times: at the beginning (week 20) and at the end of the experimental period (week 44). Feed consumption was recorded weekly to calculate the average daily feed intake. Eggs were collected three times a week (on Monday, Wednesday and Friday). Egg weight was determined at two-week intervals, using all eggs from one collection (produced during two consecutive days). Egg mass (kg of eggs per hen per laying period) and feed conversion ratio (feed/egg mass) were calculated based on egg production, egg weight and feed consumption.
Egg quality parameters were determined using 10 eggs selected randomly from each treatment in the middle and at the end of the experiment. The eggs were weighed, then broken, and yolk colour and albumen quality were determined. Yolk colour was scored with the aid of a Roche Yolk Color Fan (F. Hoffman -La Roche Ltd., Switzerland). The Haugh units were calculated using an EMT-5200 egg multitester (Robotmation Co. Ltd., Tokyo, Japan) based on albumen height and egg weight, according to the following formula: HU = 100 log 10 (H -1.7 W 0.37 + 7.56)
where: HU -Haugh unit, H -albumen height (mm), W -egg weight (g).
The yolks were separated from the albumen, and the chalaza was removed with scissors. Each yolk was then rolled on a paper towel to remove the adhering albumen. Albumen weight was calculated by subtracting the weight of the yolk and shell from total egg weight. Egg shells were cleaned of any adhering albumen and dried. After removing the egg membranes, eggshell thickness was measured using a digital display micrometer gauge with spherical tips (Mitutoyo 395-741-10, 7301, Japan). Eggshell thickness was a mean value of measurements performed at three locations on the egg (air cell, equator and sharp end).
Shell strength was measured only once (at the end of the experiment) on 10 eggs selected for egg quality determination, using a Universal Testing Machine (EZ Test, Shimadzu, Japan). At the end of experiment 10 birds of each treatments were killed by cervical dislocation and toe ash content was obtained.
Statistical analysis
The results of the experiment were analysed using a one-way analysis of variance (ANOVA), and significant differences between groups were determined with Duncan's multiple range test. Differences were considered significant at P<0.05. The Statistica software package version 9.0 (StatSoft Inc., 2009) was used for statistical calculations.
RESULTS AND DISCUSSION
A proximate feed analysis showed that the actual nutrient concentrations were consistent with the calculated values listed in Table 1 . The results of an analysis of phytase activity in the diets is shown in Table 2 . They were satisfactory and corresponded with the target values. The birds from all treatments were characterized by a very good, 100% liveability. There were no differences in the average body weight of laying hens between treatments at the beginning of the experiment (week 20), but significant differences were noted in week 24 of the laying period (Table 3) . Before the Table 1 experiment, all birds weighed over 1.4 kg (from 1.418 kg -treatment ECP 500 to 1.477 kg -treatment D) and after 24 weeks of the laying period the body weight of birds in the D group was significantly (P<0.001) lower compared with the other treatments. As a consequence, the body weight gains of treatment D birds were significantly lower in comparison with the body weight gains of hens in the other treatments (P<0.001). This is consistent with the findings of Beutler (2009) who demonstrated that hens fed a 0.15% NPP diet (P deficient) without phytase supplementation had significantly reduced body weight at the end of the trial in comparison with the C and the D diet supplemented with 400-600 FTU E. coli phytase. Similar results were reported by Augspurger et al. (2007) who found that E. coli phytase supplementation of a 0.10% NPP diet, in the amount of 150-10.000 FTU/kg, caused a significant decrease in the body weight of hens, but only until week 4 of the laying period. Also Boling et al. (2000) reported a significant decrease in the body weight (until week 40 of age) of hens fed a 0.10% NPP diet, compared with birds fed a phytase-supplemented diet (300 FTU). Oloffs et al. (1997) noted a reduction in the body weight of hens fed a diet containing 1.1-1.3 g NPP/kg feed. An improvement in the body weight gains of birds was observed when diets were supplemented with phytase (Jeroch and Peter, 1994; Van der Klis et al., 1997; Wu et al., 2006) . The question that arises is why phosphorus deficiency causes a decrease in body weight and daily gains. In the present study, feed consumption were similar in all treatments, i.e. energy and nutrient utilization did not change. The reason for the above may be that phosphorus, as a component of energy-rich phosphates (e.g., ATP), plays a key role in fat, protein and carbohydrate metabolism. There were no differences between treatments in the number of eggs laid during the first 12 weeks of the experiment, but over the entire experimental period birds of the C and phytase-supplemented treatments ECP 125 and ECP 250 produced significantly more eggs than hens of the D treatment (Table 4) . From the beginning of the experiment until week 24 of the laying period, average egg weight was lowest in D treatment compared with the other treatments. At the end of the experiment, the highest egg weight was observed in C and ECP 500 treatments, and the noted values were around 1.8% higher than in the D treatment. The observed differences were statistically non-significant. No statistical differences in laying intensity were observed during the first half of the laying 1,2,3 as in Table 1 period. Throughout the entire experimental period, laying rate was lowest in the D group. Compared with treatment D, the values of this response parameter in the other groups were by approximately 3.9% (treatment C), 4.4% (treatment ECP 125 ), 4.3% (treatment ECP 250 ) and 3.0% (treatment ECP 500 ) higher. Hens fed diets with a higher level of phosphorus (C) or diets supplemented with ECP produced significantly (P<0.01) higher egg mass during the entire laying period, compared with the D treatment (Table 4) . Egg mass in those treatments was from 4.2% (treatment ECP 500 ) to 5.4% (treatment C) higher than in D treatment. Simons and Versteegh (1993) noted that phytase added to layer diets had a positive effect on egg weight. Boling et al. (2000) reported that feeding laying hens a maize-soyabean meal based diet (NPP 0.10-0.20%) supplemented with 300 FTU phytase/kg diet over a 50-week laying period had no significant effects on egg size and egg production.
Egg production results in treatment D clearly indicate that the NPP content of the diet was insufficient to meet the phosphorus requirements of laying hens. It can be assumed, that the diet supplementation with phytase supported the hydrolysis of phytate phosphorus, thus providing birds with adequate quantities of phosphorus. The phytase was effective even at the lowest concentration, which shows that the effect was not dose-dependent. It is in agreement with other researchers, who also obtained significantly lower egg production in P deficient treatments (Boling et al., 2000; Augspurger et al., 2007; Liu et al., 2007) .
Feed consumption levels were optimal and typical of Lohmann Brown hens (LTZ, 2010) . There were no significant differences between experimental treatments in this respect (Table 5 ). The relatively low NPP content in the deficient diet (D) had no adverse effect on feed intake. Phosphorus deficiency in laying hens is known to reduce feed consumption. In experiments of some authors (Jeroch and Peter, 1994; Augspurger et al., 2007; Liu et al., 2007 ) a significant decrease in feed intake in hens fed diets based on maize as a grain source that were not supplemented with dietary phytase was obtained, in case the NPP content ranged from 1.0 to 1.5 g/kg and it was substantially lower than recommended by the NRC (1994). Different results were reported by Vogt (1992) who demonstrated that a maize-soyabean diet containing only 1.2 g NPP/kg had no negative influence on feed intake in layers. In this context, the results obtained in the present study suggest that D treatment hens were not extremely phosphorus-deficient.
Throughout the entire laying trial, hens fed a D diet consumed the highest amount of feed in comparison with the other treatments, but the noted differences were statistically non-significant (Table 5) . This is consistent with the findings of other authors who found that feed intake increased in hens fed diets containing 0.1% NPP supplemented with A. niger phytase (Gordon and Roland, 1997; Jalal and Scheideler, 2001 ). Table 1 Throughout the entire experimental period (20-44 weeks), the values of feed conversion ratio calculated for one g of egg (Table 5) were much better in the control and in all phytase-supplemented treatments (ECP 125 -ECP 500 ) compared with the D group, reaching 7.3% in group C, 5.6% in treatment ECP 125 , 6.0% in treatment ECP 250 and about 4.3% in treatment ECP 500 .
The results of an analysis of egg quality parameters are shown in Table 6 . Table 1 Statistically significant (P<0.01) differences in egg yolk colour were noted at the end of the experiment. The most desirable values of this parameter were obtained in treatments ECP 125 and C, and least desirable -in treatment D. In week 12 of the laying period, shell thickness was lowest in the D treatment compared with the remaining treatments, but the observed difference was significant only with respect to treatment ECP 500 (with the highest inclusion of E. coli phytase), reaching 21%. The same trend was observed in week 24 of the laying period, but the differences between treatments were statistically non-significant. Żyła et al. (2005) observed significantly effect of adding of 6-phytase to hen's diets on shell breaking strength in comparison to negative control group, what was only numerically in present study in ECP 250 and ECP 500 treatments (Table 6 ). There were obtained numerical differences in toe ash content, however they were not statistically confirmed (Table 6 ).
CONCLUSIONS
The results of the present experiment indicate that the supplementation of phosphorus deficient diets for laying hens with Escherichia coli-derived 6-phytase expressed in Pichia pastoris (Optiphos), in particular at a level of 125-250 FTU/ kg feed, improved the utilization of dietary phosphorus, therefore enabling to reduce the addition of non-phytate phosphorus to the diets without decreasing the performance parameters of birds.
